Abstract. At present, the ship will use the impressed current cathodic protection (ICCP) methods for hull corrosion protection. Protection potential is the core parameter of the ICCP method, so how to set the protection potential value will determine the anticorrosive effect of ship. Firstly, establish ship ICCP potential calculation model, and then discuss the impact of ICCP on potential and current density distribution of the factors in four aspects: distance between the anode and the body to be protected; corrosion resistivity variation influence on current distribution; anode arrangement and size influence on current distribution; coating influence on the potential and current distribution. Through simulation, it is confirmed that these factors affect the ICCP potential to provide a theoretical basis for the rational design of ICCP parameters.
Introduction
The corrosion protection of ships has been an important part of the design and development of ships. Currently in China, a ship generally uses installation of sacrificial anode and impressed current cathodic protection method. Sacrificial anode method principle is connecting a metal with hull together whose potential is more negative than hull (such as magnesium alloy, zinc alloy and aluminum alloy), relying on continuous corrosion current produced by the more negative potential metal to protect the hull [1] [2] . This method has three disadvantages: the first is protection current almost can't be adjusted; the second is sacrificial anode must be replaced in a periodical time; the third is the sacrificial anode's volume is larger, the number is more, increasing 0.5% ~ 1% fuel consumption to overcome the increase of hull resistance. So the application of sacrificial anode method for large ships is limited. The principle of impressed current cathodic protection method is that the external DC power supply directly to the hull that the hull cathode polarization can achieve the purpose of cathodic protection. Compared with the sacrificial anode method, the method has the following advantages: the first is the output current can be adjusted continuously; the second is the big protection range; the third is the protection device has a long service life [3] .
Our ships are equipped with the impressed current cathodic protection device, the principle of which is shown in Figure 1 . In the process of corrosion protection of ship hull by using impressed current cathodic protection device, the protection potential parameter is the key parameter, which refers to the cathodic protection potential value when the metal corrosion is stopped (or can be ignored) [4] . The potential value is not a fixed value, and many factors can influence the protection potential value, mainly is the surface conditions of the protected construction (such as with or without cover layer and cover layer types, or coating quality), environmental conditions (such as medium temperature, flow, pH, water salt content and kinds, and the degree of ventilation, microbial activities) and the types of protected metals and so on [5] [6] .
Calculation model of the Impressed Current Cathodic Protection Potential of the Ship
Mathematical model:
The basic elements of the cathodic protection system of the ship body include: the boundary area of the ship body, the auxiliary anode phase boundary area and the sea water electrolyte area. Two physical quantities describing the cathodic protection system are potential and current density [7] . Therefore, the basic elements of the physical model that corresponds to the ship body cathodic protection system are:
(1) The potential state of the sea water electrolyte region V; The calculation model of the protection potential and the protection current of the sacrificial anode on the surface of the ship can be simplified as shown in Figure 2 .
As shown in Figure 2 the entire cuboid is the solution area, and the rectangle abcd is the region's boundary, which representative of the ship body surface corrosion protection coating intact parts, assuming that the potential of rectangle abcd is a fixed value 1 φ . 1 S represents the phase boundary area of the ship body, its potential is determined by the current density of the phase boundary area and the properties of the coating, that is the polarization potential of the ship body with coating. Circular surface 2 S represents the phase boundary area of the coating damage, and its potential is determined by the current density of phase boundary area, that is the polarization potential of bare steel. The cuboid 3 s is the boundary of the region, which represents the auxiliary anode surface, its potential is represented by the output current density, that is the formula (1). The surface potential at infinity is zero. The interface of the two materials is also satisfied with the natural boundary conditions. 
An example of auxiliary anode with anode specification for 600 120 50mm × × , the electrical conductivity of seawater is 4 / S m , and the output current of the anode is a I =865mA . The distance between auxiliary anode and the protected ship body is 1m. The finite element method is used to calculate the distribution of the current density of the surface of the ship under cathodic protection, as shown in Fig 3. 
The Factors that Affect the Cathodic Protection Potential and Distribution of Current Density
The cathodic protection effect depends on the corrosion medium and the applied current density of the protected object, so in order to make the whole structure with the cathode protection, it need a homogeneity current density in the structure. But in fact, the current can't be homogeneity due to the inhomogeneity of the corrosive medium and the different position relative to the anode [8] . In the cathodic protection, the current density of the structure is determined by the resistance of the corrosion medium to the anode. And the resistance is determined by the resistivity of the electrolyte, the cross-sectional area of anode and the distance between the anode and the point of the protected object. Taking the vertical anode in the homogeneity sea water as an example, the current is distributed in a radial direction, and the total current is the sum of the current direction. For ships with complex structure, the distance between each part and the anode can't be the same, and the resistance of the cathode protection current to each point is not the same, so the current density of the surface of the ship will not be the same. At the same time, the anode has a great influence on the distribution of electric field around the ship, so it is very important to research the distribution of the current density of anode.
The Distance Between the Anode and the Protected Body
If other factors are constant, the current density of the protected body at a certain point will be inversely proportional to the distance from the anode. Take the cathodic protection of the ship as an example, if the anode is too close to the ship body, the current distribution will be very inhomogeneity, resulting that a close distance from the anode over protection and other location is not enough. If the distance between the anode and the ship body is increased, the resistance difference of the current loop is decreased, and the current distribution tends to be homogeneity. On the other hand, due to the increase of the distance between the anode and the ship, the total resistance of the circuit increases and the cathodic protection current decreases, so it is needed to increase the applied voltage [9] . Considering the current distribution, the anode will have an optimal position. The homogeneity current distribution can be obtained by adjusting the distance between the anode and the ship body or by the homogeneity arrangement of the anode, the optimum position of the anode should be protected at the farthest end of the ship and the convergence point does not occur over protection.
Taking an auxiliary anode as an example, take the line 0 z = ， 4.5 4.5 y − < < in the ship body on the protected, changing the distance between the anode and the protected body and the output current of the anode, the other conditions are unchanged, using finite element method to simulate the distribution of the current density in the straight line, shown in Figure 4 . Curve M-J indicates that the output current of the anode is 8.65A, the distance between the protected ship and the sacrificial anode is 0.5m; Curve M-J-1 indicates that the output current of the anode is 8.65A, the distance between the protected ship and the sacrificial anode is 1m; Curve M-J-2 indicates that the output current of the anode is 0.865A, the distance between the protected ship and the sacrificial anode is 1m.
From the figure, we can see that the current distribution of the curve M-J is very inhomogeneity, and there is a phenomenon of over protection in the middle part. But due to the output current is too small, there is a phenomenon of insufficient protection in the curve M-J-2. Therefore, we should adjust the position of the anode and the value of the output current at the same time to achieve the best cathodic protection effect. 
Influence on Current Distribution with Resistivity Change of Corrosion Medium
Due to temperature, salinity and chemical composition of seawater, the conductivity will change, which will affect the corrosion and corrosion protection of metals, and will further affect the distribution of the electric field [10] .
Taking the same auxiliary anode as an example, take the line 0 z = , 4.5 0.5 y − < < − in the ship body on the protected, adjust the electrical conductivity of the sea water, the output current of anode is 0.865A, and the distance between the protected ship and the sacrificial anode is 0.5m, using finite element method to simulate the distribution of current density on the line, shown in Figure 5 .
Curve M-J indicates the distribution of the current density when the conductivity of seawater is 4 / S m ; Curve M-J-1 indicates the distribution of the current density when the conductivity of seawater is 5 / S m . As can be seen from the figure, in the case of other conditions unchanged, the greater the conductivity of the sea, the more serious the corrosion, the more inhomogeneity corrosion.
Influence on Current Distribution with Anode arrangement and Specification
The ribbon sacrificial anode can be used in the local occasions such as the soil, the fresh water and the narrow space, such as casing. When the long pipe is protected by the ribbon anode, the potential distribution of the pipeline along the longitudinal direction is more homogeneity [11] . The bracelet sacrificial anode is mainly used in underwater or on the submarine pipeline, so protected by the bracelet anode, protected body potential distribution is homogeneity along the circumferential direction.
Taking the rectangular anode of 600 120 50mm × × as an example, a different number of anodes are placed on a plane that is at a distance of one meter from the protected body, the center of each anode is on the same level. In Fig 6. the curve M-J indicates that one anode output current is 8.65A; the curve M-J-1 indicates that the output current of two anode is 5A with 1m apart; the curve M-J-2 indicates that the output current of three anode is 3A with 0.5m apart. The results show that due to the superposition effect of electric field, using a plurality of auxiliary anodes can make the current density distribution more homogeneity.
Influence on Potential Current Distribution with Coating
In general, the protection of marine steel structures is a combination of coating and cathodic protection, there is no corrosion when the coating resistance is infinite and there is no damage, but the ideal state of the coating can never be achieved, once the coating has a pinhole or damage, the damage point will have a larger current flow. So in the calculation of the electrochemical field of the actual problem under the protection of the coating, the polarization behavior of the coating protection should be considered.
The polarization behavior of electrode is related to material, coating, medium and so on, among them, the effect of coating is particularly significant. Zinc rich anticorrosive coating is a kind of steel structure anticorrosion coatings, which is widely used in the industrial construction, water conservancy and Hydropower Engineering, marine engineering. Due to zinc potential negative than iron, in anticorrosion coatings zinc as pigment added in coating for sacrificial anode effect, so zinc rich coating so far is still the most commonly used primer in anticorrosive coating system of our country. Figure 7 . is the cathode polarization curves of A3 steel for new zinc rich aluminium magnesium rare earth alloy coatings in the laboratory measured. The curve 1 represents the cathodic polarization curves of coated(10% damage) in seawater; The curve 2 represents cathodic polarization curves of coated(no damage) in seawater; The curve 3 represents the cathodic polarization curves of bare A3 steel without coating in seawater. It is seen from the figure that the coating has a great influence on the polarization curve of the material, especially on the initial potential, so that it can reduce the potential difference between the metal and anode, that can achieve the function of protection.
Conclusion
In this paper, the method of ship corrosion protection with ICCP is introduced, based on the calculation model of the ICCP potential of the ship, four factors influencing the ICCP potential and the distribution of current density are studied. Respectively as, the distance between the anode and the protected body, influence on current distribution with resistivity change of corrosion medium, influence on current distribution with anode arrangement and specification, influence on potential current distribution with coating. Through the simulation, it is confirmed that the above factors affect the ICCP potential, which provides a theoretical basis for the reasonable design of the ICCP potential parameters, it has strong applicability.
